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OF PREPARATION OF POROUS CARBON MATERIAL AND MATERIAL PRODUCED BY TOE 
METHOD 



This invention relates to a method of preparation of Dorous carhnn m»teri«i = ^ ^ • . 

s dispersed cart«,n.yiefd^'^rganic binde in t^^ntinutiXd^fo^^^^^^ ^ 
phenol/fomiaidehyde resins. US-A^ 342 555 and C^tw^ dSSf ^^J^ ^ 

phenoi/fonrialdehyde resin to give a product^ reLSJ^^r^ °^ ^ 

According to the present invention there is orovided a mathnrt nt n«u«w» _^ 

.5 comprising (a) forming a cart»nizab,e poiymer TcJ.^ hZg ^^^^^ 
pores .nterconnecting the cells by condensation polymerization \rn^^S!Z^T 
present in the continuous phase of a high intemT^asrS^"™!^^^^ precursors are 

carbonizable polymer structure by heating In aHwrt S!^^T^TJ^^"n^^ carbonizing the 
Of the emulsion Is preferably at^ 74% by^o^me-IS^rcS^n^ SSflf ' 1^ ^^"^ 
K» high as ao-96%. vwume. i ne caroonized product may have a void volume as 

The porous carbon material of the invention has. like that of EP.A.223574 aenerallv ««n««« 
wrth generally spherical cells. The cell size is preferably in t^^^.^M ^^^^^'*^' 
interconnecting the cells mav have a mean «v« n .. / . ^ 1-100 urn. The pores or holes 

By the invention, it is possible to achieve a narrow ranae of nr «k<> ^ 

carbonized body. Preferably this size range is sul^il^^th^ 4cSr ^ ^ 

size, more preferably 50% to 200%. ^ " 

Qenerally. the heating step for carbonization can be as described in PP-a^o^tta i- 

«~ento>« cordansaion polyn,«i«io.r ^s«ms baS o„ □S^' '^^S,!? 

m «e ph«,oHbrm*.eh,d. «,«em. Attend*, „3«u. s^^^^^^lZ^ZXZ^ ^Z^,^ ' 
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^ on ==«d-««<» an »*. and an ac-d g^up. P«^y^ 

^Th. in»mal phaae In me "JSS^ ^ cy=loh«an.. heptane. paraBn^ .n ^-^"^ 

Is not daarsded to lonn a residue. '""T!Lf*,jLrijaiion omduct lx« evaporate on heatna lor 
r^'r'.nce'ma, do ?^^'r^^:^'S:SJ3574 ^ uses vt^HV^ P«~» 
carbonization. This is an^advan^e o^,*"^ ^ „.^«3S74 



One advsnlaae obtainable w**eme^dfflmepr carboniaation. Shnnttga 

can Be better retention of shape of lt» ^^^^JX^ucture can be avoided. Anotl,er advart^ 
^rs u,*m.„ rr^^^eS:^'^^^ """^ 

.„.r,orro.tssr?i^r^---- 

'""^r Soro,^ carbon .ateH. producred b, the present .nvan.™, has n^n, uses, e... as adsorbent -k. 
'"^^tS:^trr.:^'SC'b,^^.a.,^on.con^e«^^ 

The foilowing standard procedure •«> "f^ „ Miows An aqueous solution of condensation pol>»n«r 
, High internal phase a™"laio«^ <om»d ^ ^ fJt^'ZSS .2 

precursor wes mixed -th a ^"-^^ZZ^ s«rror used was a Teflon blade ^ 

. ".ra:r:sr^rre^ir^rrS«..cas.-"*---''----=^""^ 

Irto a p«ous ■n°"°l*'=.'>~^=:l *!tiies were then subject to controlled f^lj^'l?' S'S^eS 
. The dry condensason po^« bod« were^ 

" pen^X?or to passing thro^ wort. J^^A '^^^P J„,,,,ed stress-crac^ng o1 the 

Siroughout the temperature prxjgram. The heating tare 
polynwr during carbonization. 



40 1rom25-Ctol60-C2 Cperminute 
from 160- etc 700 CI C per mmute 
S700'Cto1000*C2-Cperm.nute 
atl000'CdweHfor60rninut©s 
S,m 1000*Cto25-crCperm.nute 

45 

Profile 2 

from 25* C to 160* C 2* C per minute 
from 160* etc 600 CI C per mmute 
50 SSmeOO-Cto 1100- C2 C per mmute 
at 1100* C dwell for 120 minutes 

changing to nist brown over several days. 
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Continuous phase 

pitenol-fonnaidehyde resin* • 15 g 
water- 8g 

5 Tphenol-fonnaldehyde pre-polymer formed as described in -Ejmerimantei .rs . „ 

Bedford. 2nd Edition, 1980. iliffe & Sons Ltd. page ^ B<penmental Plastics- (C A Redfem and , 



internal phase 
TO light liquid paraffin • 50 ml 
Emulsion, internal phase volume 
-82% 

rs 

Polymerization catalyst 
toluene.4 sulphcnic add (70% w/v) - e g 
so Mixing 

Surfactant 

25 5 mins, 500 rpm 

Mlrinol+ C2M-SF cone - 25 g 

+ Mirinol is an amphoteric surfactant of Venture Chemical Praducts Ltd.. Tilehurst. Reading. I 
Curing 

30 

12 hours. 60* C 
Cartxmtzation profiie 

35 1 

Example 2 

40 Continuous phase 

phenol-formaldehyde resin' - 15 g 

water - 8 g 

' as in Example 1 

45 

Internal phase 
light paraffin • 17D ml 
50 Emulsion, intemal phase volume 
-92% 

Polymerization .catalyst 

55 

toluene-4 sulphonic add (70% w/V) 

-eg 
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" -Mixing 

5 mins. 500 rpm 
s Surfactant 

MirinolC2M-SFconc-25g 

Curing 

12 hours. SO C 
Carbonization profile 

J5 1 

Example 3 

20 Continuous phase 

phenol-formaldehyde rean* - 15 9 
polyvinyl alcohol (mol.wt 72000) -1^9 
aqueous 40% w/v fonnaldehyde - 3 ml 
25 • as in Example 1 

.Internal phase 

light paraffin - 110 ml 

^ Emulsion, internal phase volume 

■ 94% 

35 Polymerization catalyst 

toluene-4 sulphonic acid (70% 
-6g 

40 Mixing 

5 mins, 500 rpm 

Surfactant 

^ MirinolC2M-SFconc-25g 

Curing 
so 12 hours. 60* C 
Carbonization profile 
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Continuous phase 

phenol-formaldehyde rea'n" - 15 g 
aqueous 40% w/v formaldehyde - 8 g 
s * as in Example 1 

internal phase 

light paraffin - 170 ml 

10 

Emulsion, intemal phase volume 
-93% 

IS Pol^erizatlon catalyst 

toluene-4 sulphonic acid (70% w/v) 
-6 g 

20 Mixing 

5 mins. 500 rpm 

Surfactant 

2$ 

Mirinol C2M-SF cone - 25 g 
Curing 
30 12 hours, eo'C 
Carbonization profile 
1 

- 3S 

Example 5 
Continuous phase 

40 

resorcinol - 16.6 g 

aqueous 40% w/v formaldehyde - 24.4 g 

Interna) phase 

45 

cyclohexane - 360 ml 
Emulsion, internal phase volume 
50 - 90 % 

Polymerization catalyst 

cone HCI - 1 .7 ml water - 20 ml 

55 

Mixing 

1 rnin, 800 rpm 
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■ - Surfactant 

Mirinol C2M-SF cone - 4.54 g 
5 Curing 

10 mlns. 25* C 

Cartjonization profile 

10 

2 

Example 6 

IS 

Continuous phase 

resorcinol - 16.6 g ^ x « 

aqueous 40% wyv formaldehyde - 24.4 g 

20 ' 

Internal phase 
n-heptane - 360 ml 
26 Emulsion, internal phase volume 

.-90% 

Polymerizaaon catalyst 
* cone HCl- 1.9 ml water -20 ml 

Mixing 
36 2 min. 500 rpm 
Surfactant 

Mirinol C2M-SF cone - 4.54 g 

40 

Curing 
f^^ 5mins,25*C 

4s Carbonization profile 
1 

Example? 



Continuous phase 
Intemaa phase 
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n-heptane - 360 ml 
Emulsion, internal phase volume 
s -90% 

Polymerization catalyst 

cone HCI - 1^ ml 
10 misf - 20 ml 

Mixing 

2 mins, 500 rpm 
IS 10 mins. 800 rpm 

Surfactant 

Mirinol C2M-SF cone - 4^ g 
Curing 

5 mins. 25* C 
as Cartionlzalion profile 
1 

Chemical analysis of carbonizabie polymer and carbon product 

carbonizable polymer C 60.15% H 4fl6% 
carbonized product 0 96.80% H 0.62% 

Example 8 

35 

Continuous phase 

resordnol - 24.9 g 
40 aqueous 40% w/Vfbrmaldehyde- 36.6 g 
Internal phase 
n-heptane - 204 ml 
Emulsion, internal phase volume 
-80% 

50 Polymerization catalyst 

cone HCI - 3.8 ml 
water - 20 ml 

55 Mixing 

2.mins«.5Q0.rF9n 

a 
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- Surfactant 

MIrinol C2M-SF cone - 632 g 
Curing 

5mins.25'C 
Carbonization profile 

} 

1 

Bcampte g 

s 

Continuous phase 
resorcinol - 24.9 g 

aqueous 40% Wv fortnaldehyde - 36.6 g 

20 

Internal phase 
Heptane - 204 ml 
26 Emulsion, internal phase volume 

.-80% 
Polymerization catalyst 

* concHCI-35ml 
water - 20 ml 

IviDdng 

3S 

2 mins, 500 rpm 
10 mins, 800 rpm 

Surfactant 

^ Mirinol C2M-SF cone - 6.82 g 

^ Curing 

45 5 mins, 25* C 

Carisonization profile 



' V»i»» calculasons and ■'-'^^J,^:^^^^^,'::^ ^'^^'''^ 
...J^lSL caibontobte polymer and the Anal poroiB '''J"_^ orodocs of the Examples of the 

invention and of Comparative Example A eonsisi or a ^. ^ 

"ep 223574. using as the "'*'>«^^^°^°28. and a. the lnteni.1 pM=e lOOco 
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expect » be stSlsHan ..TuS^^Sra'^T^^^^ =e» ^ «««(o,e may be 
TABLE 1 
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8 
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A 


Carbonizable polymer 












density 

void volume (%)* 

compressive modulus (Nm^ x lO-«) 
compressive strength (Nm^ x lO-«) 
mean cell size (tim)** 
mean pore size (um)*** 


0.079 
94 

6.8 

0.74 
50 

5 


0.084 
93 

5.1 

0.8 
10 
.1.3 


0.14 
89 
10 

1.7 
25 

5 


0.14 
89 
17 
2.0 
5 
0.8 


0.068 
90 
4.8 
0.6 
2 


Carbon body 










density gj»n-3 
void volume (%)* 

compressive modulus (Nm2 x 10-^) 
compres^ve strengtii (Nm' x IQ-^) 
mean cell size, (urn)** 
mean pore size (um)*** 
pore size range (um)*** 


0.092 
94 
10 

1.5 
40 

5 

2-12 


0.086 
94 
15 

2.0 
10 

1.0 

0.5-2 


0.14 
90 
20 

3.5 
IS 

4 

2-e 


0.14 
90 
30 
5.2 
5 
0.6 
0.3-1.1 


0.10 
90 
18 

2.3 

2 



Notes for Table 1 

+ + esbmated from scanning electron microscope pictures 
+ + + obtained by mercury intrusion porosimetry 

bodies in «« Exa,npte aS^ilSS^ '^'^^ 



polynierteason In «blch polymerlzaBon precursors ^ISIn^TS^ l""" 
Pl>ase elHn^r emulsion and (b) carSjniang L^iSSLte Mv^^T^ of a Wah Internal 
almospneretoatleastSOO'o " ™ °°™'™^'° Poli™* anMaure by healino In an Inert 

^2.^A method according to Calm , ^„ *e Interna. ,ol„ pbase of the «n„lalo„ Is at leas, 74% b. 
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.ea^^p a. a .-P-*" ^'J^l ^eT ^"hL^'^ X » « «s, TOO C and 

a phenol-aldehyde system, 
a urea-formaldehyde system. 
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@ Method of preparation of porous carbon 



material and material produced by the method. 



@ A porous carbon material is prepared by (a) 
forming a carbonizable polymer sttucture having a 
^ porous stmcture of cells and optionally pores inter- 
,^ , connecting the cells by condensation polymerization 
* in which polymerization precursors are present in the 
* continuous phase of a high internal phase oil-in- 
water emulsion and (b) carboniang the cartsonizable 
polymer structure by heating in an inert atmosphere 
to at least 500*0. The internal (oil) phase of the 
3emulsion may be at least 74% by volume. The 



* material produced has high strength. 
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